The basis of nutritional therapy and thus an adequate nutrient intake is the assessment of energy need. On the other end, the assessment of individual energy requirements based on the gold standard, indirect calorimetry, is associated with feasibility difficulties in geriatric settings. To identify the most accurate predictive equations for resting energy expenditure (REE) in older subjects with overweight, 17 predictive equations were compared to indirect calorimetry measurement in a study population of 20 obese older subjects (mean BMI 33.7 ± 4.5 kg/m 2 ; mean age 79.8 ± 8.1 years; gender 5 males and 15 females) and 20 age-matched controls with a normal body weight (mean BMI 24.9 ± 2.5 kg/m 2 ; mean age 82.1 ± 6.6 years; gender 9 males and 11 females). The comparison led to two significant observations: the predictive equations used led to a much better estimation of the REE in the control group than in the obese older subjects. In addition, the most accurate equation for estimating the REE in the obese older subjects has been shown to be that by Lührmann et al. Further studies are needed to assess the feasibility of using this equation in a routine geriatric setting. The prevalence of overweight and obesity is high and increasing in most industrialized countries and is reaching alarming dimensions (Vainio et al., 2002) . Any weight-reduction program is aimed to establish reachable weight loss and dietary intake. While the latter applies to the general overweight population, weight control is also fundamental in advanced age to prevent severe malnutrition and related metabolic stress (generally referred to as the physiological consequence of injurious effects in the organism including those related to age-related changes like sarcopenia) (Kreymann et al., 2009 ). This requires knowledge of individual energy requirements and relies on accurate methods of assessment. Resting energy expenditure (REE) is the amount of calories needed to maintain the body at rest. REE typically comprises 60-75% of total daily caloric expenditure. In order to measure REE, a standardized protocol has to be followed and various conditions need to be strictly observed. The method usually used for measurement of REE is indirect calorimetry (Müller et al., 1992) . In this method, oxygen and carbon dioxide concentrations in the expired air are measured, and energy expenditure is calculated with the help of equations on the basis of oxygen consumption and carbon dioxide production. As the gold standard for REE measurement, indirect calorimetry is hardly feasible in most dietetic and geriatric settings, it remains important to use the most accurate predictive equation to determine REE in overweight and obese persons especially in advanced age.
The prevalence of overweight and obesity is high and increasing in most industrialized countries and is reaching alarming dimensions (Vainio et al., 2002) . Any weight-reduction program is aimed to establish reachable weight loss and dietary intake. While the latter applies to the general overweight population, weight control is also fundamental in advanced age to prevent severe malnutrition and related metabolic stress (generally referred to as the physiological consequence of injurious effects in the organism including those related to age-related changes like sarcopenia) (Kreymann et al., 2009 ). This requires knowledge of individual energy requirements and relies on accurate methods of assessment. Resting energy expenditure (REE) is the amount of calories needed to maintain the body at rest. REE typically comprises 60-75% of total daily caloric expenditure. In order to measure REE, a standardized protocol has to be followed and various conditions need to be strictly observed. The method usually used for measurement of REE is indirect calorimetry (Müller et al., 1992) . In this method, oxygen and carbon dioxide concentrations in the expired air are measured, and energy expenditure is calculated with the help of equations on the basis of oxygen consumption and carbon dioxide production. As the gold standard for REE measurement, indirect calorimetry is hardly feasible in most dietetic and geriatric settings, it remains important to use the most accurate predictive equation to determine REE in overweight and obese persons especially in advanced age.
Predictive equations have generally been developed in healthy subjects on the basis of regression analysis of body weight, height, sex, and age as independent variables and measured REE by indirect calorimetry as a dependent variable. However, there is a substantial lack of knowledge about the possibility to use predictive equations in older nonobese and obese subjects. To fill this gap of information, we compared REE values measured by indirect calorimetry with 17 predictive equations in 40 older subjects (26 female, 14 males, 81.0 ± 7.4 years old) subdivided in two groups according to BMI (study group, BMI 33.7 ± 4.5 kg/m 2 vs. control group, BMI 24.9 ± 2.5 kg/m 2 ) ( Table 1) . Inclusion criteria were age ≥65 years, BMI ≥29 kg/m 2 (intervention group), BMI 21-28.9 kg/m 2 (control group), and informed consent. Exclusion criteria were critical illness, cardiac pacemaker, infection/fever, chronic obstructive pulmonary disease (COPD), claustrophobia, strongly fluctuating fasting blood glucose levels (N120-140 mg/dl), edema, MiniMental-State-Examination (MMSE) score of ≤24, and physical activity like physiotherapy for the last 12 h. As gender is considered in all predictive equations except Ireton-Jones et al. (1992) no gender-specific analysis was conducted. The local Ethics Committee approved the study and written informed consent was signed by all study patients. To measure REE indirect calorimetry was performed using a ventilated canopy hood system (Vmax Spectra 29, Sensormedics -Viasys Experimental Gerontology 59 (2014) 47-50 Healthcare, California, USA), which was calibrated for volume and with 2 standard gases every day before use. By means of a ventilated canopy hood system heat production of the body is indirectly calculated, using multiple regression, by means of gas exchange measurement (oxygen input and carbon dioxide output). This is based on the assumption that oxygen input is only used for oxidation of nutrients and therefore is proportional to energy expenditure. The end product carbon dioxide is quantitatively measured. Measurements were standardized by internal guidelines. The subjects were in a supine position and awake and had fasted overnight. Patients were picked up at their hospital room and, depending on their mobility, brought to the laboratory by foot or with a wheelchair. The measurement was conducted after a rest of at least 30 min. Oxygen consumption and carbon dioxide production were measured, and energy expenditure was calculated by using the Weir equation (Weir, 1949) without urine-nitrogen: REE (kcal/24 h) = VO 2 * 3941 + VCO 2 * 1106. The measurements took at least 10 min, and only steady-state periods of measurement were selected according to the procedures for the ventilated hood system. The first 5 min of the measurements was discarded. Height was measured by using a 10 m fiber glass measuring tape (SI Manufacturing 10 m/33 ft. Windup Tape #45200) and bodyweight using a Seca chair scale 959 (Seca, Hamburg, Germany). FFM (fat-free mass) was assessed by using bioelectrical impedance analysis (BIA) (Nutriguard-M, Data Input GmbH, Darmstadt, Germany) with Bianostik AT Double size electrodes at 50 kHz alternating current. Measuring of body composition using BIA is based on the measurement of the resistance of body tissue to a faint alternating current. Impedance (Z), consisting of resistance (R) and reactance (Xc), is measured and used to calculate total body water (TBW), which was used to calculate FFM (FFM = TBW / 0.73). The calculations were conducted automatically by the software NutriPlus (Data Input GmbH, Darmstadt, Germany). In order to select REE predictive equations, PubMed was used for a systematic search for publications on Mesh-derived keys 'Energy metabolism', 'Basal metabolism', and 'Indirect calorimetry' and additional terms ('predict*', 'estimate', 'equation*', and 'formula') in every possible combination. Applied limitations were 'english language' and 'humans'. More references were obtained by screening publications cited. Only equations developed in adults were retrieved. Inclusion criteria for REE predictive equations were as follows: equations based on body weight, height, age, sex and/or FFM and fat mass (FM). Exclusion criteria were as follows: critically ill patients, mean BMI b 21, insufficient information, specific ethnic group, impractical or suspect body composition as variable, suspect indirect calorimetry. For each patient REE was predicted for all equations in kilocalories per day and compared with measured REE. The actual body weight or FFM at the time of the indirect calorimetry measurement was used for these calculations. A total of 17 predictive equations were selected. These are presented in Table 1 along with their values and correlation to the REE as measured by indirect calorimetry.
Statistical analysis was conducted using SPSS Statistics 22 for Windows (International Business Machines Corporation (IBM), New York, 2011). All parameters assessed were tested for normal distribution (Kolmogorov-Smirnov test). The correlation between measured REE and 17 predictive equations was analyzed using intraclass correlation coefficient (ICC) for absolute agreement. Table 1 shows the main observations in this study. There was a significant correlation between REE values as measured by indirect calorimetry and all 17 predictive equations utilized. This is an encouraging finding in light of the logistic and technical difficulties related to the measurement of indirect calorimetry as the current gold standard to measure REE in older subjects.
Among the predictive equations tested, the most significant statistical correlations were found in the control group (BMI b 29 kg/m 2 )
between measured REE and the revised Harris-Benedict equation (Roza and Shizgal, 1984) Table 1 ). The most accurate equation for estimating REE in the obese older subjects was shown to be that by Lührmann et al. (2002) (r = 0.876, p b 0.0001). Interestingly, based on a comparison of published evidence from the equations developed by Harris and Benedict (1918) , WHO (1985) , Mifflin et al. (1990) , and Owen et al. (1986 Owen et al. ( , 1987 , Frankenfield et al. (2005) advised to use the Mifflin equation for overweight and obese subjects. However, this expert panel also acknowledges that there are limited data to support the use of the Mifflin equation in overweight and obese subjects (Frankenfield et al., 2005) . Surprisingly, equations that take FFM into account did not result in better estimation of REE. This may be due to an altered composition of the fat-free-mass and changes in fat distribution in older subjects, which may lead to measurement errors with standard body composition assessment methods (Woodrow, 2009) . Furthermore, BIA measurement is mainly validated for healthy and younger people. Therefore, predictive equations using FFM should be used carefully in older subjects when measuring FFM by BIA. Another important aspect is that the level of overweight might be an important factor in the accuracy of the predictive equation, but the level of overweight varies among studies. Also in our study, the degree of correlation between measured REE and the most accurate predictive equations varied between groups within a wide range (Table 1) . For most equations considered, overweight and obese subjects were included, but their relative contribution to the final equation often remains unclear. Therefore, validation of predictive equations should be performed in specific overweight and obese groups of subjects (de Oliveira et al., 2011) . In general, it is advisable that REE prediction equations are applied to any single specific population (Frankenfield, 2013; Weijs, 2008) , and this might be particularly true for very old people. The application of an easily accessible REE predictive equation for older subjects not only might have caloric reduction implications especially relevant to weight control strategies (Kempf et al., 2013; Klenk et al., 2014) . Accurate REE predictive equations might serve to identify decreased values with increasing age. Thus, the increase of targeted values of energy intake to 1.1-1.3 times of the REE would be facilitated in malnourished patients (Kreymann et al., 2009 ) at high risk of metabolic stress, mitochondrial ICC -intraclass correlation coefficient, SD -standard deviation, n -number of patients, M -male, F -female.
energy unbalance and oxidative damage. This group could also include patients with overweight or obesity. These results are of practical relevance. To be able to adequately feed older subjects, be it through oral, enteral or parenteral nutrition, the knowledge of energy need is vital. In clinical practice energy need is often estimated using body weight and multiplying it with an average energy need per kilogram bodyweight, e.g. 20 kcal/kg bodyweight. However, due to differences in body composition as well as to increased body fat with decreased muscle mass often found in older subjects, energy need is often over-or underestimated. While indirect calorimetry is still the gold standard to measure REE, it is very cost-intensive and time-consuming, and the use of a predictive equation is a suitable tool to estimate REE. When using predictive equations, it is important to use the most suitable one for the target group. Based on our results, we suggest using the revised Harris-Benedict equation (Roza and Shizgal, 1984) or Müller et al. (2004) for older subjects with a normal body weight and the equation of Lührmann et al. (2002) for obese older subjects. As the equations assume normal hydration status, dry weight should be applied when using predictive equations. After estimating REE the physical activity level (PAL) and possible stress factors should be added to estimate total energy need.
